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There is disclosed a method of treating a semi-conductor substrate comprising the steps of: (a) depositing on the substrate a polymer 
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WO 99/60621 PGT/GB99/0JS90 

Method and App aratus for Treating a 
Semi -Conductor Substrate 

This invention relates to a method and apparatus for 
treating at semi -con^uq tor substrate in pairticular, although 
5 not exclusively, a semi-conductor wafer . 

In our earlier co-pending Patent Application 
VJO94/0188S, the contents of which are incorporated herein by 
reference, we describe a plartarisat ion technique in which a 
liquid short -chain polymer is formed on a semi-conductor 

10 wafeir by reacting silane with hydrogen peroxide. 
WO98/08249, which is also incorporated herein by reference, 
describes a method of treating a semi-conductor substrate 
including reacting an orgario- silane compound of . the general 
formula C^Hy-SinHa and a compound containing peroxide bonding 

15 to provide a short -chain polymer layer on the substrate ... 

The prior art processes generally: con^rise the step of 
depositing the layer between two layers of high quality 
plasma enhanced silicon dioxide layers , i.e. a base layer 
and a capping layer . These provide adhes ion ' axKi moisture 

20 barriers. The deposited layer included water which is 
removed in a controlled manner and baked at a high 
temperature to "cure" the layer, thus completing the process 
of depositing a hard layer. It has been considered 
important to control: the diffusion of water to avoid 

25 cracking, as described in W09S/31823, which is also 
incorporated herein by reference. This careful control and 
the provision of a capping layer are both time-consuming and 
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expensive. 

According to a first aspect of the present invention/ 
there is provided a method of treating a semi-conductor 
substrate comprising the steps; of: 
5 (a) depositing on the substrate a polymer layer; and 

(b) heating the substrate in. the absence of oxygen 
prior to the deposition of any further layer to 
substantially remove O-H bonds from the polymer 
and substantially cure the layer. 
10 The method may further comprise the step of positioning 

the substrate in a chamber prior to step (a), and the 
react ants may be introduced into the chamber in a gaseous: or 
vapour state. 

According to a further aspect of the present invention, 
15. there is provided a method of treating a semi-conductor 
substrate compriisirig the steps of : 

(a) positioning the substrate in a chamber; 

(b) introducing into the chamber in the gaseous cr 
vapour state a silicon-containing compound and a 

20 further compound containing peroxide bonding/ and 

reacting the silicon-containing compound with the 
further compound to provide on said substrate a 
polymer layer; and 

(c) heating the substrate in the absence of oxygen 
25 prior to the deposition, of any further layer to 

substantially remove O-H bonds from the polymer 
and substantially cure the layer. 
The heating may be substantially, by radiative means.. 
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Thus, the method of the present invent ibii provides a 
substrate which does not require a capping layer or a 
subsequent furhace bake, thereby signif icantly inproying the 
throughput of the equipment, and providing equipment savings 
and process simplification. ,In... addition, the present 
invention provides a low dielectric constant (low k) layer. 

Preferably, the substrate is a wafer, for example a 
silicon wafer. However, any suitable substrate could be 
used, for example a glass or quartz panel. The method may 
be carried out with or without ah under! ayer on the 
substrate, for example a silicon dioxide under layer. 

Preferably, the silicon -containing compound may be of 
the general formula (C x H y ) b Si n Ha , for example C k K y -Si n H a , or 
(C^ y O) b Si n H a or (C x H y O) b Si n H m {C r H 8 ) p . The values of 

x,y,n,m, r, s,p a and b, can be any suitable values . Thus, 
the silicon-containing compound is preferably a si lane or a 
siloxane. The silicon-containing con^iind is preferably a 
methyl silane.; 

The 0-H bonds may be removed in the form of water. 
When used, the radiative means .'.may oorrprise an infra 
red component in the radiation spectrum. 

In a preferred embodiment, the heating is carried out 
at a maximum temperature at or above 400 °C, and preferably 
at a maximum temperature at or below 4S0°C. However, lower 
temperatures cbul<l be envisaged Spending on the particular 
polymer layer deposited. Whilst silane source layers may 
blister when processed, variations to the process {eg lower 
temperatures or slower heat -up times)' may yield satisfactory 
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drying and curing of a silane source layer. The heating may 
be provided by any suit able source, for example one or more 
lamp sources or a black body emitter. The. heating may be 
provided from a source providing infra -red heat. 
Alternatively, the source for providing the heating may 
provide UV heat. A UV source may be particularly useful in 
Shallow Trench Isolation applications. In one particular 
embodiment/ the source for providing the heating comprises 
one or more tungsten halogen lamps, which may act through 
quartz. Alternatively, the heating may be provided by a 
platen or . chuck on which the substrate is placed, for 
example a hot metal chuck and in this case longer process 
times may be required. The substrate may or may not be 
clamped to. the chuck, although preferably no clamping 
preissuire is applied. 

The heating step may take about eight seconds to reach 
the maximum temperature. 

The heating step may be performed by a rapid rise in 
layer temperature, for example by applying high power to the 
lamp heat source, for approximately 8 seconds followed by 
lower power f or lip to five minutes, and preferably for more 
than one minute. Even more preferably the heating step is 
performed for about three minutes. Prior to the heating 
step, the substrate may be transferred to a second chamber 
in which the heating step is performed. 

The heating step may be carried out in a non super 
saturated environment and is preferably carried out at below 
atmospheric pressure . In one embodiment , the pressure is 
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preferably about 40mT, which may be maintaineci by 
continually pumping the chamber in Which the heating step is 
performed. This pressure is generally as a result of 
background pressure of evolved gases. 
5 Preferably the thickness of the polymer layer and base 

layer (where applicable) is lees than 1.5 (im, even more 
preferably the thickness is less than 1.3 ptm and it may be 
less than 1.25 pm. These are typical thicknesses which may 
avoid cracking of the substrate. 

10 The thickness of the polymer layer is preferably 

between 5,000 A and 10,000 A, although any appropriate 
thickness may be used. 

Whilst the substrate may be positioned in any 
convenient orientation, it has been found that it is 

15 particularly convenient to position the substrate such that 
the polymer layer is on the upward face, with heating from 
a source placed below the substrate . This is not to say 
that the layer is shielded from radiation as there may be 
reflection from internal chamber surfaces and the substrate 

20 itself may be transmissive to at least parts of the radiated 
spectrum. ;. 

According to a further aspect of the present invention, 
there is provided an apparatus for implementing the method 
described above comprising means for depositing on the 
25 substrate a polymer layer, and means for heating the 
substrate in the absence of oxygen prior to the deposition 
of any further layer. 

According to a further aspect of the present invention. 
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there is provided ari apparatus for implementing the method 
described above, the apparatus comprising: 

(a> a chamber having means for introducing therein a 
silicon-containing compound and a further compound 
containing peroxide bonding, and platen means for 
supporting a substrate; and 
(b) a chamber having means for heating the substrate 
in the absence of oxygen prior to the deposition 
of any further layer. 
The chambers used in (a) and (b) may be the same or 
different. 

In a preferred embodiment/ the apparatus may further 
comprise means for sustaining a non super saturated 
environment, preferably at below atmospheric pressure.. 

Radiktive means for heating may be provided. 

The radiative means may comprise an infra red component 
in the radiation spectrum. 

Although the invention has been defined above, it is to 
be understood that it includes any inventive combination of 
the features set out above or in the following "description. 

The invention may be performed in various ways and 
specific embodiments will now be described, by way of; 
example, with reference to the accompanying drawingis, in 
which: . 

Figure 1 shows a graph of FTIR absorbarice against wave 
numbers for the as deposited film, after the treatment of 
the invention and after 9 nights in ambient atmosphere after 
this treatment; 
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- Figure 2 shows the change in dielectric constant, oyer 
time of a 8" wafer which is subject to three minutes heat 
treatment under vacuum and has a 7; 000 A layer on the 
• substrate; 

5 Figure 3 shows the change in capacitance by way of 

comparison against the thickness of the layer on the 
substrate for 6" and 8" wafers at 4S0°C for different 
treatments; 

Figure 4 shows the change in capacitance against 
10 thickness of the layer on the substrate for. €» wafers at 
4S0°C for one minute; 

Figure 5 shows the change in capacitance against 
thickness of the. layer on the substrate for 6 " wafers at 
450 °C for three minutes; 
15 Figure 6 shows the change in capacitance against the 

. thickness of the. v iayiisr on the. substrate for 8" wafers at 
450 6 C for one minute; 

Figure 7 shows the change in oapacitance against the 
thickness of the ^ayer on the substrate for S n wafers at 
20 450 6 C for three minutes ; 

Figure 8 shows the relative emissive power of a lamp 
with wavelength and temperatuire ; 

Figure 9 shows the peak wavelength of a lamp with 
filament temperature; 
25 Figure 10 in Contrast shows the change in capacitance 

against the thickness of the layer on the substrate for 8" 
wafers when treated in an oven at 400 °C for 30 minutes where 
oxygen was present; 

NSOOCJD: <WO I * 
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Figure 11 shows FTIR spectra for a polymer layer 
treated at 500 °C in an bveriin a dry nitrogen ambient and 
thus generally regarded as oxygen free; 

Figure 12 shows a perspective view of an apparatus 
according to the present invention; 

Figure 13 shows a cross-section view of an apparatus 
according to the present invention; and 

Figux;e 14 shows an alternat ive cross ^ sect ion view of an 
apparatus according to the present invention. 

As can be seen from Figure 1, water is removed by the 
treatment of the invention and is not reabsorbed 
(wavenumbers around 3000 to 3600) and it can also be seen 
that SiO-H bonds are removed by this heat treatment 
(wavenumber 92 0) . 

' In Figures. 1 to 7, all the results are based on the 
methyl silarie deposition described below. Polymer 
thicknesses vary between 5,000 A and 10,000 A. Reabsorption 
of water into the film is best measured by observing the 
change in capacitance values over time. In Figure 3 , the 
bottom point shows the results after 24 hours and the top 
point- shows the results after 6 days for the same wafer. 
Two runs were performed for each treatment, labelled A and 
B. 0-6-3 refers to the thickness, in thousands of Ancstroms 
of the base layer, polymer layer and capping layer 
respectively. Also included are results obtained by the 
capping and oven heating of a 6000 A polymer layer. The 
capping layer of plasma deposited silicon dioxide has been 
plasma etched away leaving approximately 5200 A of polymer 
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layer which has . then: been similarly exposed to atmc>sphere. 

As can be seen from Figure 10 , which shows the results 
of treatment in an oven as distinct, from the radiative 
treatment of the invention, there are large changes in 
capacitance as a result of oxygen being pre sient during the 
heat treatment. 

In Figure 11 are shown the results (as an expansion 
around wavenumber \ 3000 to highlight water) for a polymer 
layer treated at 500°C in an oven with a dry nitrogen 
ambierit , that is without the radiative treatment of the 
invention. The lines show data for the layer: 

a) as deposited (no heat treatment) ; 

b) immediately, after heat treatment, showing that the 
water is removed; and 

c) 3 and 7 nights later showing that water has been 
reabsorbed. 

Signif iparit reabsorption of water occurs with oven 
treatment , which is avoided by the radiative treatment of 
the invention. It is believed that this is because the dry 
nitrogen ambient is not completely free of oxygen even 
though it is generally regarded as such and would generally 
be described as a "nitrogen bake" or "nitrogen anneal". 

In addition to the results shown in Figure 3, 
reabsorption results were tesited by etching a cap; layer of 
a full sequence of methyl silane deposition (ie. having been 
deposited over a silicon dioxide underlayer with a silicon 
dioxide capping layer over the silicon dioxide deposited 
layer) where 7000A of methyl source film and 3000A of plasma 
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deposited silicon oxide capping layer with or : without a 
100 OA base layer of plasma deposited silicon dibxide were 
used. The capping layer was dry etched off in a Plasma 
. chamber using the following parameters : 1400 mT, 750/250 
5 seem CF f /O a , lkW, 25 sees. The layer left was about 5, 500 A 
thick. Results gave a change in capacitance of 2.1% and 
5.7% in 24 hours. After 6 nights change in capacitance 
between 2.3% and 6.9%. No differences were found between 
base and baseless wafers. 

10 To arrive at the graphical results shown in Figures 1 - 

7, 10 and 11 methyl silane deposition (D120) was carried out 
in accordance with the present invention, the conditions for 
which. were as follows: 

80 seem methyl silane were reacted in a; chamber with 

15 0.75 g/m hydrogen peroxide under a pressure of 1,000 mTorr 
to form a polymeric layer on a silicon substrate. The 
substrate was then transferred out of the vacuum to the 
atmosphere where it was left for a significant period of 
time (for example days or even weeks) . It was then 

20 transferred back into a vacuum where heat is applied, in 
accordance with the present invention. In the specific 
embodiment, the heater comprises multiple tungsten halogen 
theatre spotlights (i.e. a broad band white light) through 
quartz (which provides a cut-off at around 400 ran) . The 

25 data for such a lamp is shown in Figures 8 and 9. 

The atmospheric exposure between deposition and heat 
treatment was a necessary consequence of not haying the heac 
treatment station on the methyl deposition system. This 
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does not appear to be detrimental. It is the exclusion of 
oxygen {preferably below 100 parts per million) during the 
heat treatment step that is critical in ehsuring that the 
layer does not subsequently absorb water. 

Results of the method of the invention were compared to^ 
a standard method involving methyl si lane and a capping 
layer. The standard method includes transferring the wafer 
under vacuum from the platen at 0° C to an aluminium platen 
at 3S0° C arid plasma depositing a capping layer of 
approximately 3, 000 A before air exposure and subsequent 
furnace bake. 

The present invention avoids the need for the capping 
layer and convection furnace bake. It has been found that 
for methyl silane materials it is preferable to use a vacuum 
heat process to harden and complete the process without the 
necessity for a plasma deposited capping layer. Whilst the 
Applicant does not wish tb be restricted hereby, this is 
considered to be as a result of the exclusion of oxygen 
during the heat treatment. 

In terms of the process time (ie. the time of the final 
heating step in the vacuum} , a three minute process provides 
suitable reabsorpt ion results but good results are also 
obtained using other process times. In terms of the process 
pressure, the pressure is preferably set at approximately 40 
mTbrr during the processes with continual pumping. 

Figures 12 to 14 show an apparatus generally at 1 in 
accordance with the invention. Figure 14 is a more detailed 
view than the schematic view in Figure 13 . The apparatus 1 
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comprises a chamber 2 into which the reactants may be passed 
in the absence of oxygen and within which a wafer 3 may be 
positioned through a wafer loading slot 4 . A door module is 
shown at 5. The chamber comprises a polished lid 6 on which 
5 is arranged a manometer 7, an atmospheric sensor 8 and an 
ionisatiori gauge tube 9. The wafer 3 is positioned on a 
support 10 and is lifted by a bellows wafer lift assembly 
11. A quartz chamber base 12 is provided. Beneath the 
chamber 2 is a lamp unit 13 within which is positioned a 

10 heating lamp 14 which may be, for example, a tungsten 
halogen lamp. The lamp 14 is substantially housed within a 
parabblic reflector 15. Positioned beneath the lamp unit 13 
is a cooling fan 16. The chamber 2 may be heated by an 
electrical heating jacket 17. 

15 Connected to the chamber 2 is a turbo pump assembly 

(not shown) connected via an automatic pressure control 19 
and a valve 20 . 
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' Claims 

1. A method of t^eatin^ a send -conductor substrate 
comprising ithe steps of : 

(a) ...... depositing on the substrate a polymer layer; and 

5 (b) heating the substrate in the absence of oxygen 

prior to the deposition of any further layer to 
substantially, remove O-H bonds from the polymer 
and substantially cure the layer. 

2. A method according to claim 1, further comprising the 
10 step of positioning the substrate in a chamber prior to step 

(a), wherein reactants in a gaseous or vapour state are 
introduced into the chamber. 

3. A method . of treating a semi-conductor substrate 
comprising the steps of: 

15 (a) positioning the substrate in a chamber; 

(b) introducing into the chamber in the gaseous or . 
vapour state a silicon-containing compound and a 
further compound containing peroxide bonding, arid 
reacting the silicon-oontainihg compound with the 

20 further compound to provide on said substrate a polymer 

layer; and 

(c) heating the : substrate in the absence of oxygen 
prior to the deposition of any further layer to 
substantially remove O-H bonds from the polymer and 

25 substantially cure the layer. 

4. A method according to claim 3, wherein the silicon- 
. containing compound is a silane or a siloxarie. 
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5.. A method according to claim 4, wherein the silicon- 
containing compound is a methyl silane. ■ ■ 
. 6. A method according to any preceding claim, wherein the 
0-H bonds are removed in the form of Water. 
5 7. A method according to any preceding claim, wherein the 
heating is by radiative means. 

8. A method according to claim 7, wherein the radiative 
" means comprises an infra red component in the radiation 
spectrum. 

10 9. A method according to any preceding claim, wherein the 
heating is carried out at a maximum temperature at or above 
400°C. 

10. A method, according to any preceding claim, wherein the 
heating is carried out at a maximum . temperature at or below 

15 450°C. 

11. A method according to any preceding claim, wherein the 
heating is provided by a lamp source. 

12. A method according to any orie of claims 1 to 10, 
wherein the heating is provided by a black body emitter. 

20 13. A method according to any preceding claim, wherein the 
heating step is carried out in; a rion super saturated 
environment . 

14. A method according to any preceding claim, wherein the 
heating step is. carried out at below atmospheric pressure. 
25 15. A method according to any preceding claim, wherein the 
thickness of the polymer layer is less than 1.5 /*m. 
16. A method according to any preceding claim, wherein the 
thickness of the -polymer layer is between 5000A and lOOOpA. 
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17, A method according to, any preceding claim, wherein the 
substrate is positioned such that the polymer layer is on 
the upper face, with heating from a source placed below the 
substrate . 

5 18. An apparatus for implententing the method according to 
any preceding claim comprising means for depositing on the 
substrate a polymer layer, and means for heating the 
substrate in the absence of oxygen prior to the deposition 
of any further layer. 
10 19. An apparatus for implementing the method according to 
any one of claims 1 to 17, the apparatus comprising: 

(a) a chamber having means for introducing therein a 
silicon-containing compound and a further compound 
Containing peroxide bonding, and platen means for 

15 supporting a substrate; and 

(b) a chamber having means for heating the substrate 
in the absence of oxygen prior to the deposition 
of any further layer. 

20. An apparatus according to claim 18 or 19, further 
20 comprising means for sustaining a non super saturated 

environment. 

21 . An apparatus according to any one of claims 18 to 20, 
wherein the means for heating is a radiative meains. 
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